To provide an updated evaluation of the bacteriology of acute thoracic empyema for more efficacious treatment. Design: The medical and microbiological records of all patients who received a diagnosis of acute thoracic empyema were reviewed. Based on the bacteria isolated from the pleural fluid, the patients were classified into the following four groups: aerobic or facultative Gram-positive; aerobic Gram-negative; anaerobic; and mixed. Setting: A university-affiliated tertiary medical center. Patients and methods: From January 1989 to December 1998, 171 patients with a diagnosis of acute thoracic empyema were treated. A comparative analysis of the isolates from pleural effusions, the mean length of hospital stay, the mean duration of chest tube drainage, the mean duration between the onset of symptoms and the establishment of diagnosis, treatment efficacy, and the need for subsequent intervention was performed. Results: A total of 163 microorganisms were isolated from the pleural fluid of 139 patients. These patients were classified according to the following types of isolates: aerobic or facultative Gram-positive (n ‫؍‬ 47); aerobic Gram-negative (n ‫؍‬ 59); anaerobic (n ‫؍‬ 14); and mixed (n ‫؍‬ 19). Klebsiella pneumoniae was the most commonly isolated pathogen (24.4%) and was strongly associated with a diagnosis of diabetes mellitus. The mortality rate of patients with aerobic Gram-negative bacilli isolated was the highest (22.0%), followed by those with mixed pathogens isolated (15.7%), aerobic or facultative Gram-positive (6.4%), and anaerobic (0%).
T
horacic empyema continues to cause significant morbidity and mortality despite the improvement of antimicrobial therapy and the existence of multiple options for drainage of the infected pleural space. 1 The bacteriology of thoracic empyema, especially in the "fibrinopurulent" phase, 2 has been changing since the introduction of antibiotics. Before the antibiotic era, Streptococcus pneumoniae or ␤-hemolytic streptococci were isolated in most empyema fluid, and Staphylococcus aureus was the most common pathogen of thoracic empyema between 1955 and 1965. 3 In the early 1970s, anaerobic bacteria were isolated most frequently. 4 Several studies have found that the majority of culturepositive effusions are due to aerobic microorganisms, while up to 15% are caused exclusively by anaerobic bacteria and the remainder are due to multiple microorganisms. 1, 5, 6 This retrospective study was designed to investigate the characteristics of bacterial isolates of acute thoracic empyema in a tertiary medical center over a 10-year period in Taiwan.
Materials and Methods
The medical and microbiological records of all patients who received a diagnosis of thoracic empyema treated at National Taiwan University Hospital, a 1,500-bed teaching hospital in Taiwan, from January 1989 to December 1998, were reviewed.
Patients were included if they met the following criteria: (1) the thoracentesis recovered thick, purulent-appearing pleural fluid; and (2) microscopic examination of the pleural effusion revealed a WBC count of Ͻ 15,000/L with neutrophil predominance, and microorganisms were identified by microscopic examination or were isolated by culture. 7 Patients were excluded if a diagnosis of thoracic empyema with or without a bronchopleural fistula was established before admission, or if thoracic empyema had been caused by trauma, surgery, or any invasive procedure involving the pleural cavity.
All patients underwent transthoracic sonography with thoracentesis, as previously described. 8 The pleural effusions were collected under aseptic conditions, were processed according to standard procedures, 9 and were cultured for both aerobic and anaerobic bacteria. In most cases, the specimens were examined microscopically and also were cultured for mycobacteria and fungi. The bacteriology of pleural effusions was classified as follows: aerobic or facultative Gram-positive; aerobic Gramnegative; anaerobic; and mixed. "Mixed" was defined as the isolation of more than one strain of pathogen from the pleural effusion.
Patients with thoracic empyema underwent standard tube thoracotomy or continuous closed drainage with an indwelling pigtail catheter except when the clinical condition or scarcity of effusions ruled out the use of an invasive process. All patients initially received antibiotics, the prescription for which was based on the type of organism found by microscopic examination of the pleural effusion, or were treated empirically with a broadspectrum penicillin (ampicillin or amoxicillin) with a ␤-lactamase inhibitor or a second-generation cephalosporin. Patients received intrapleurally instilled streptokinase or underwent open drainage if there was radiographic or sonographic evidence of a loculated pleural effusion with poor drainage and if the clinical condition was suggestive of persistent inflammation.
The following data were collected for each patient: age; gender; predisposing factors; clinical symptoms; duration of hospitalization; the interval from the onset of symptoms to the establishment of the diagnosis; the duration of chest tube drainage; strain(s) of isolates found in a culture from a pleural effusion specimen; intrapleural fibrinolytic therapy; surgical intervention; and mortality that was directly attributable to thoracic empyema.
Data were recorded as the mean Ϯ SD. Differences among groups in mean hospital stay, mean duration of chest tube drainage, and mean duration before diagnosis in patients with different isolates from pleural fluid were compared with one-way analysis of variance. The proportions of patients with different isolates who received fibrinolytic therapy, underwent surgery, and died were compared by means of 2 test. A p value Ͻ 0.05 was considered to be statistically significant.
Results

Clinical Characteristics
A total of 266 patients who had received a clinical diagnosis of thoracic empyema were treated during the study period. Of these, 171 met the enrollment criteria and were included. The mean age was 65 years (range, 1 to 96 years). Sixty-five patients (38%) were Ͼ 65 years of age. Male patients predominated with a male patient/female patient ratio of about 3:1. Underlying diseases or associated medical conditions were found in 67% of these patients (Table 1) . The most common underlying condition was diabetes mellitus (37 patients [22%]). Malignancy was the second most common underlying disease (31 patients [18%]), among which lung cancer was the most frequently encountered. Previous lung diseases (14%; mostly patients with COPD) and CNS disorders (11%; mostly patients with previous cerebral vascular accident) were the major associated medical conditions. Medical records for the evaluation of periodontal diseases were not available for most of these patients. The most common clinical manifestations were fever (80%), cough (70%), chest pain (67%), expectoration (61%), and dyspnea (60%).
Microbiology
The results of pleural effusion cultures were positive in 139 of the 171 patients. A total of 163 organisms, including 126 aerobic or facultative bacteria and 37 anaerobic bacteria, were isolated ( Table  2 ). The most predominant aerobic or facultative bacteria were Klebsiella pneumoniae (24.4%), Streptococcus constellatus (10.0%), Streptococcus intermedius (8.6%), and S aureus (5.7%). The predominant anaerobes were Fusobacterium species (8.6%) and Peptostreptococcus species (7.9%). The isolates from the 139 culture-positive patients were categorized into the following four groups: aerobic and facultative Gram-positive (n ϭ 47); aerobic Gramnegative (n ϭ 59); anaerobic (n ϭ 14); and mixed (n ϭ 19). In the aerobic and facultative Gram-positive group, viridans streptococci and S aureus were the predominant pathogens. In the aerobic Gramnegative group, K pneumoniae and Escherichia coli were the most frequent isolates. In the anaerobic group, Peptostreptococcus species and Fusobacterium nucleatum were predominant as single pathogens. In the group of patients with more than one pathogen isolated, Peptostreptococcus species, S constellatus, Eikenella corrodens, Prevotella species, and Fusobacterium species were the major isolated organisms. The differences among isolated organisms in these four groups were not related to age or gender but were related to underlying condition. Patients in the aerobic Gram-negative bacilli group had the highest incidence of underlying disease (84%; p ϭ 0.006).
Since K pneumoniae was the most commonly isolated pathogen in this study, we investigated its characteristics in detail. An analysis of the demographic features of patients in this study revealed that patients with Klebsiella empyema when compared with patients with non-Klebsiella empyema had a higher prevalence of diabetes mellitus (44.1% vs 15.3%, respectively; p Ͻ 0.001) and alcoholism (8.8% vs 0.7%, respectively; p ϭ 0.005).
Treatments and Outcomes
The mean length of hospital stay was 31 Ϯ 21 days, the mean duration before diagnosis was 12 Ϯ 10 days, and the mean duration of chest tube drainage was 10 Ϯ 7 days. A total of 90 patients (52%) required intrapleural fibrinolytic therapy because of a poor response to simple chest tube drainage of empyema. Surgical intervention for empyema, including video-assisted thoracic surgery with debridement and/or open thoracotomy with drainage, was performed in 30 patients (17.5%). All of these patients required surgical intervention due to poor control of the infection or poor chest tube drainage, as judged by the attending physician. Twenty-five of these 30 patients (83%) underwent intrapleural fibrinolytic therapy before surgical intervention. The mortality rate of the 171 patients was 13.5%, and no patient who underwent surgical intervention died.
The mean length of hospital stay, the duration of chest tube drainage, and the frequency of intrapleural fibrinolytic therapy and surgery were not significantly different among the four culture groups. Nevertheless, the mean duration before diagnosis was longest in the anaerobic group (Table 3 ). The mortality rate was highest in the aerobic Gramnegative patients, and no patients in the anaerobic group died (Table 3) . Patients with K pneumoniae infection had a significantly higher mortality rate than that for the patients without K pneumoniae infection (26.5% vs 9.5%, respectively; p ϭ 0.012).
Discussion
In this retrospective study, we found that aerobic Gram-negative organisms were the predominant pathogens in acute thoracic empyema. K pneumoniae was the most frequently isolated sole pathogen, and its isolation had a strong correlation with diabetes mellitus. Patients with acute thoracic empyema caused by Gram-negative bacteria had a significantly higher mortality rate than those with empyema caused by other isolates. The mortality rate of the patients with Klebsiella empyema was also significantly higher than that of those with nonKlebsiella empyema.
Over the past 30 years, aerobic Gram-positive organisms have been the most frequent isolates in acute thoracic empyema. 4, 5, 10 S aureus and S pneumoniae accounted for approximately 70% of all aerobic Gram-positive isolates. 5 With the application of techniques for species identification of viridans streptococci, recent studies have found an increased isolation rate for viridans streptococci (accounting for 3 to 15%) in cases of empyema. 5, 6 In the present study, viridans streptococci were more likely to be isolated (23%) than S aureus (5%) and S pneumoniae (3%). One reason for this finding might be that *Subtype descriptors: group F, n ϭ 2; 1.4%; group A, n ϭ 1; 0.7%; and group C, n ϭ 1; 0.7%. †Subtype descriptors: group B, n ϭ 1; 0.7%; and group D, n ϭ 1; 0.7%. ‡F nucleatum, n ϭ 11; 7.9%; Fusobacterium, n ϭ 1; 0.7%. §Bacteroides fragilis, n ϭ 2; 1.4%; and Bacteroides gracilis, n ϭ 2; 1.4%. Prevotella melaninogenica, n ϭ 2, 1.4%; and Prevotella intermedia, n ϭ 2; 1.4%. ¶Porphyromonas asaccharolytica, n ϭ 1; 0.7%; and Porphyromonas gingivalis, n ϭ 1; 0.7%.
S aureus and S pneumoniae infections produce more acute symptoms in pleuropulmonary infections, which are effectively treated by current empiric antibiotic therapy such as penicillin. Thus, the incidence of progression to empyema caused by S aureus and S pneumoniae may be lower than previously thought, while the ratio of empyema caused by viridans streptococci may be increased.
Gram-negative bacteria (42%) were the most common pathogens isolated from pleural effusions in this study. Most of the patients (84%) in the Gramnegative group were immunocompromised hosts, especially those with diabetes mellitus and malignancy. It is well-known that immunocompromised patients are prone to pleural involvement with fungal or aerobic Gram-negative bacillary infection. 10 -13 The markedly high rate of Gram-negative bacterial infection in the pleural cavity might be associated with the high incidence of underlying disease (66%). The highest mortality rate in the aerobic Gramnegative group might have been correlated with the patient's underlying condition, which impairs the immune status and alters the colonized strains of bacteria. These findings suggest that in addition to the appropriate drainage of the pleural effusion, antibiotics such as third-generation cephalosporins or aztreonam are reasonable as an initial empiric therapy in immunocompromised patients with empyema, such as those with diabetes mellitus, malignancy, or alcoholism.
K pneumoniae was the most frequently isolated sole pathogen in this study. About 44% of the patients with Klebsiella empyema had diabetes mellitus, whereas only 15% with non-Klebsiella empyema had diabetes mellitus. This finding demonstrates a strong correlation between diabetes and K pneumoniae in patients with thoracic empyema. It has been reported that, in Taiwan, pyogenic liver abscess is most frequently caused by K pneumoniae, especially in diabetic patients. 14, 15 The reason for the association of K pneumoniae infection with diabetes mellitus still remains unknown. It also has been reported that Klebsiella pneumonia and empyema may occur in alcoholic men with multiple hostdefense defects that impair the containment of or the perception of disease until it is well-advanced. 16, 17 In this series, there were only four alcoholic patients, and three of them had K pneumoniae infection.
In the early 1970s, anaerobic organisms were once the major pathogens of empyema thoracis, 4 and these organisms still accounted for 25 to 76% of cases during the following decade. 6,10,18 -22 In more recent studies, the predominant anaerobic isolates were F nucleatum, Prevotella species, and Peptostreptococcus species. 23, 24 In this study, F nucleatum was the most commonly isolated anaerobic pathogen. The clinical course of anaerobic empyema is usually indolent. The mean duration before diagnosis was longest in the anaerobic group, which might suggest that anaerobic empyema is less toxic and symptomatic than other pathogens. It also may reflect that it is more difficult to grow anaerobes and to isolate them in pure cultures.
Among the 37 anaerobic pathogens isolated from patients with thoracic empyema, 23 were isolated as mixed infections of the pleural cavity in 19 patients. The mortality rate of these patients was significantly higher than that of the aerobic or facultative Grampositive and anaerobic groups. This suggests that the prognosis for patients with anaerobic empyema may be considerably worse if more than one bacterium is isolated from their pleural fluid.
In summary, the incidence of isolation of Gramnegative bacteria from the pleural fluid appears to be increasing in Taiwan and is associated with an immunocompromised status. K pneumoniae was the most frequently isolated sole pathogen and was strongly correlated with diabetes mellitus. Due to their higher mortality rate, patients with Gram-negative empyema thoracis or mixed infection in the pleural cavity require more aggressive antibiotic treatment. 
